The experiments were performed in a transducercapillary device using a μpiv system (see FIG. 1(a) in the main paper). A function generator (TTi, TG1304 Programmable) drives an RF amplifier (EIN, Model 240L) that drives the transducer, with the signal monitored by an oscilloscope (Agilent Technologies, DOS1102B Digital Storage Oscilloscope). An Olympus BXFM epi-fluorescent microscope with a pixelfly dual-frame CCD camera was used to image the fluid flow. A planar PZT4A transducer (Ferroperm, 3 × 1.5 × 1 mm 3 ) was glued (epoxy, epotek 301, measured glue layer thicknesses <10 μm) to a glass capillary of approximately rectangular cross-section, as shown in FIG. 1(b) in the main paper. The glass capillary (Vitricom) had inner dimensions of 0.3 × 6 mm 2 , wall thickness of 0.3 mm, and length of 50 mm. Soldered connections were made between the electrodes and connecting wires. Fluidic connections were made to the capillary via PTFE tubing (ID 1 mm) attached via heat-shrink sleeving.
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Green-fluorescent 1 µm polystyrene tracer beads (Fluoresbrite microspheres, Polysciences Inc.) were used to characterize the acoustic streaming fields. In each measurement, a fresh supply of beads was flushed into the capillary to ensure a homogeneous bead distribution. Image pairs for the μpiv measurements were captured at measured intervals of about 280 ms and processed using the Matlab based μpiv software, mpiv [1] .
Derivation of active intensity
Considering a 3D standing wave and a modal travelling wave propagating in the direction,
where subscripts and indicate the standing and travelling wave components (the same below), 0 is the acoustic pressure amplitudes, , and are the wave numbers in the , and directions, is the angular frequency and indicates the phase difference between the standing and travelling wave components. From equations S1, we can derive the active intensity fields: 
Then, we can find the approximated expression for the maximum active intensity, which follows It was shown that the differences between this expression and the theoretical values are within 5% for 0 < 0 (the condition for the excitation of rotational transducer plane streaming patterns).
Additional streaming pattern results
The active intensity and limiting velocity fields under various combination of standing wave and travelling wave modes are presented in FIG. S1. It can be seen that, compared to the travelling mode (t, 0, 1) mode shown in the main manuscript, at the same phase, φ, the travelling wave modes (t, n, 0) do not produce transducer plane streaming, and the higher order mode (t, 1, 1) can produce rotation in the opposite direction.
The pattern shown in FIG. S2 results from an acoustic vortex formed from a superposition of two out-of-phase standing waves. As shown in FIG. S2 (f-g) , particles concentrated at the pressure nodes by the acoustic radiation forces are expected to rotate driven by the in-plane acoustic streaming vortices, as described in Ref. [2] .
FIG . S3 compares the boundary-driven streaming and Eckart streaming fields for a (t, 0, 0) mode. It is shown that the limiting velocity at the boundary is non-zero for a pure travelling wave field (or when the travelling wave component is dominant), which is in contrast to the no-slip boundary condition for the (typically higher velocity) Eckart streaming. Their reverse streaming velocities in the x-direction reveal that streaming vortices will be generated near the boundaries. 
